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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
organic elecroluminescence element capable 
of using an inexpensive, stable metal usually "~ 
used as a circuit forming material as a 5 — 

cathode material, with a low energy barrier in 
electron injection into an organic layer, low 4 
driving voltage, high efficiency, and high 
brightness. 3 " 

SOLUTION: An organic layer coming in z — 

contact with a cathode 6 is formed with a 
mixture layer 5 comprising an organic metal 
complex compound containing at least one of 
an alkali metal ion, an alkali earth metal ion, 
and a rare earth metal ion, and an electron 

transport organic material, and metal capable of reducing the metal ion 
contained in the organic metal complex compound which is the constituting 
material of the mixture layer 5 into a metal in vacuum is used as a cathode 
material. 
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UMMIIl] «in]+5»tt'M«i:IS»«ft^lfil^* « 
> . -ffi J : SiftM -f * > Sr lc 6 1 A T ftJK lc ig 7c L 3 

s <fe ua* & z t *»» t -rz < i Hx U * h a jl 5 * 

[,H;)WI2] M;Rm 1 E*w*f»iU* ho/U5*-y 

<lS<j«xU^ hn/U* *-vb> h^ r, 
LMjJWM JMWi l *fttt2£«^HxHr ha 
#b MS f-i-te^r, l8ttB«icffl^3&JBtf 

A), Zr, Tu Y % Si-&t/SiW^4l*'"e*4ft'«XU^ 

AL /j\ Ti. Y . ScfttfSu0 3 5<01 HMJr.*ft*rt"* 
KfiHIW.SW4.lWll] 

[0001] 

S^lxU^hn/V^t7l'>h*-7- (JUT, MEL 
[0 0 0 2] 30 

£ "i ' * WSrt" 5 t "> t U T ft I I ? nt^ « o Tang b u * 

>xj;<rEA5ti*Wffii:U L * fc ff WB^B W#zo 
ooAW F£*t3c mv w Ko9ifti1BET*i000cd/ni 

«rUfSC tic ifiJTjjLfc CAppl. Phys. Lett., 51. 913 
()!i87). ) Z0)M?))WMT{Ct5K*T* Tiuigb*4S*W « 

ic mm t * * s n « u m t ftm tc w l t . &® 
b -.ii j'*in A-r a Kite iniiu fc&sx *;mf- w»b*(ST 

t. fittKiftK^ISiRftJCjSUi^T'. tteW'^T L 

[000 3] ftKBl»lttiKfta^y/b- , 3 r (355 1@JS 
JJI*fl!^ft^«JI»aifi, ,Wi«T'«ft28a-PB.4, p. 1040) 

fcitf/s^+xrtt^gttcoy/i/-^ (a 5 4Ei5ffl^ so 



»i* ; f«*Z9p-ZC-l5 . p. 11 27) 

Wt LTJIK^ic ttc J: 0 , Mg*&*IIH^fciK-f <k 0(5 

tflts 6 u *r«t swm u * ^ In * *ar* i o Ae^ic 

«ftT»<«aL. tO±*»6«*«UBLftrJB«IWl 

( IKKK Trans . Klnctron Devices., 40. YM'l (199 
3)) 

[0 0 0 4] tti6TiiUMIAX ttOTei #'JT-Jfi 
'JvlClS^LT^o (Srienre. 269. 1086 (1095) ) , C 

ti««JEBi*U«c *oT#'J v-SSJtH* t »|R LfcL aa 

^r^gt^^, BastPBtSjfifijKitn^nLj-f+yt^ 
* > *i>* * c k t * o »tsstt»«»# u ^-*> 
in situ T-K-ii>y , ratoT*a&5, c^ty^ 

si. itc j: ^ Tissnft7 >?*;vr x* >«!gT*#a-r 

W^J: *>*K«>T«S< (Science. 269. 1086 (1995) 

k- bf > y-r * c fc tc j: o , w»-.tt»t:*« k s*a c t 

tC^JTAt/c (S1D97DIGKST-P775) , £ tllt'AltolCter Z 
K- tf > y*c ct 0 =7 is£})l7~* >imt 
L, Bt«fr60«-PttA.»§!***JclST*'efcft»4: 

[0 0 0 5] L^L*^^», Mg^LiWa-ftiliHlklfel^T 
fe«ffi^KftStcAa^-f*ft*«^S h, S£»tt«t 

tt««*t»a!«ilcJ3t*T«IB*Wt*o *«bh#s«j: 

l**9X. CIKEK Trans. Klprrrcin Devices.. 40. 1342(19 

93)) , a»T»iM0AB««LiW«aa;JHSI|Hiai3!)<B 
cO^^M^lCfti^^/inLTVli^^T/Wffl^^S in situ 

[000 6] 

[^wohw] w±<o*ia«ca*T4snfc 

^ i «Mt**Jrt^»'.UTa: Xfc fe it S x 
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[0 0 0 7] 

tmm-moMic. fi-«{t^frb*is?ft4'>*< t 

[oo ok] EtW*.tiWJ£:j||t^5feW4:LT(i, PS^tcf^ 

■rswttH cmt, «r-n : A») *«/3M-4fi«&B»i 
w t m ft s n § <fe u * > £ * T- &s ic a 7 i t 
}4ft«-cft*u& wunwHUfti^, w*if, ai , 

y . S( HiUs E oy o ) 9 % </> ~« i ffiftffl* Sfc 
-T £ rrife/r b & 3 t <0T-£> -> tt>J:t v i 9 * # 
U&t^f-co^feu;, rtMT-Aot, rtW^iliW 
»f«t ftft'l'tf) feW Y * > * feM fc IS « c £ we t 

4.. 

[0 0 0 9] «lc7/l/*U<fc«, r;u*utH*H, 

;l/ > o At i nil-V I* ic X X IS ;"c S ti&iS A A ^> 
AAnBfllL Ufc'PWiTJL J£)lHt'?*U K P3G9) , «ft^ 
k"> ? '>A (fcMflSTL P88) Vfg{tXho>^^A c& 
BfiifS, l'8!0 V//l'*~ l >AlcJ;oTBjn£n&B/l' 
if ^ *t AVtfeM XFD>fr) A WiBMrt" 5 c t tf*U h ft 

[oo i o] fi«i- i.*i'*cfc»*4H*«wfl:-Wi, 
a k si, y^ij^v^^i-rftftwww^tt-eft 

/H-TSt, iM,idf)Wllc*5JK4 FT'«arcK£*c<fcO& 



[ooi i] HS:*n*r/u*y*JBft&ft. r;v*u 

r 1 5S# UT i»* 5> r Ki^lffi SM8I£ ft JL» ? * « c 

[0012] *5B«jei, wh^'JWJtcK^rftinfcfe 

K&LiR&JBtLT«l«Lfc», c^K&JgO±(c, 

20 [0 0 l 3] *«W*CtJl^T, S¥« : AH«WSt» : FT' 

>\ 7/U*U±IB*B-f*^ #±BKfeB-f*>0*4 
< l 8*a-ft--r5S«ftB«#it&»fr6»RU, 

/c L 5 5 ftW*ffiJII L . C « J: -5 ftftUwVi'-ft+TWia 
?u**f"JfflLT, *rBftBB»fkft««OftB*aWS 
-tt, *6k:*«jB«lftBT*««lft&«J*a7c-r*ci:k: 
M : ?aAP$ll^'J>^ < U BIME*«F?** 

»tcffiffl*tiSft-«&B«B*ft&«^LTH:, ^S^^ 
>tLrr;l/AU*B-<*X 7;b*U±Hft«>r* 

v ? 7^/-;U> k Hn*^^7U-yl/-f-7 # ^7'/-;K k 

40 Y^^ X /-;U, k Kn*^^>V , F«J7v' , -il/, k Kn 
^y7/l/#7>, lfl?«J5/;k 7xt>hD'J>, 7^ 

^F>»k 7^f>SL **tf*ti6«iS9ftft2 
[0 0 14] 

[«ffi*I] HI l tt, *WHlc*S#rBE LMT- 

fi) l tied, CHIC BIS««i*«SfiJt-r4aw«8S2. 
iEfl,«Slt*#T4E?L«8«3, «ftV4. «Ti£A 
so n (B&B) 5 (MM) , fiJ:CffiMB6«fMIL 



(4) 



Vfffi 2 0 0 0 - 1 8 I 7 7 4 



K SiUJW»S2. iF.TL«U£iB 3 , fcitfR 
cfc tfIB MviiM fi # * JS» I T fi£X L tAm*l ff 5 fc <Q ? 
(ft. (ffifr/f) R8«6 

MM. ■ J:flJftiJSM/J8ftlrf, "vii TtHiSW/'itiT-fSAIrf 
AJtf (ifcftW) /Bill, »«S/iE?La:AJB/iE7L«BSi 

/^m- r-n-AW («&w> «/jf.tlh : .a 
m /ii-:A«iSM/ ra>£«rt/-.ii r^w/'.ir^JtAM (2u 

ftW) /BIS. &£#^tf6*i3?b\ **gnfllcJ;5l?« 

I *A*ft & £ A -aTt lit \= 

[0015] |-.k!. '.tiV-ftWrt (WftJrt) swatiHtt 

ftitUltf. t^64flMM5/jl£ifcr&ortJ:<, fck 
^<f/Kai£^X/s-y >il=^ffiJHr*Sa 0 
w^flir'WllHlBiJEWwrfiEttftJ&^tt. Xh 4 >3-f -r > 
-r< * > * 7x "/ hfcttif 

[0016] i:A2IBtt)i'4tMi6^fiKlH}£tt. 

[0 0 17] 4t"W:AW o«-TW8tt«« 
tLrtt, ^-7^1/7 x-^* 7 t 1 

7 5U>. fh7t>, lfU>, 3D^>, *U-b>\ 

>. 7xt>i>'jy>, r^'jv r >, ^/u>, 

t7*n^'jy>. i/7ir./b^yx>, fF77i 

~/i,7*7x>. +*tf7r % 7;i/77>, trx 

>*7x>, 75 Y^>, 77 

7~/k ^7>. *=tfc?7>, #IM*>, 

[0 0 ) K] Sfc. »lfflWiG3-2gSG95 IJfcflL tflM¥8- 
22557 ttUH1'-8-8M72 94>«, 1*|«¥5-94709 

i:«U. tt!flM'-5-l77G4 ^«HcBB>RSnTV^6*JR*U 



6 

X (84/'J/7h) Ty*5/«)^ tX [^>7 (f 
) . 8 - */U/vH Sfft, tTX (2-**/U-8- *V 

'j/7M 7/i/5-*2*, hjx (8-*/yy7H -r 
h;x cs-/^/i/-8- t/yy^H 7;i/^ 

8-+/U/7h'Jf'!7^ hUX (5-^DD-8 

- */>J/5lO #U7A. bfx (5-^an-8- 

/9 h) ft;W5/«>A4i:«8-*y »Jy5 h<65iH4*0} 
HWt«Btt7-fc LT*4< i: t- ofrrsjfeHBftrt* 

10 ffaicffiffl six*.. 

[0 0 1 9] »B8f-5-2()2011^fc«, WBB , -P7-179394^ 
fctt. «rM¥7-2781243fc«. ttM^ -228579 

i»i^snr^s**tf777-/u*rL wi;ii¥7-i57473i) 
^*RtcB8>j^nrt*s h »jr7>H, im^-imvm 
K m « c m >r? s n r t * * x ^ > si wi* * tf i? x * j j 

^rU-UVttW*. «F»l¥6-13208O*J4>*B*»IIB¥ti- 
88072 SJ-MfClS^ni^oXfU^.m ^!»J¥ 
6-100857^4J«*1*BIW-2071709tt«t|IIISSnrir^ 
S -7* U7 -f >aW* fe 5E3t«^* 7-<ftiJW i: L T » i 

20 Liv 

[0 0 2 0] ££tc, ^>7***7-;U3R, ^>V'f 
r 7-;HK, ^> vV ^ ^7-;Hfift ifwaftiuaffl t 

ru^*totf*»f&*i5c toft*tti:trtt, 2,5-tf 
X (5,7-7-l- ^>*;l/-2-^>'7**-9-7y;W -1,3. 
4- ^7777-/k 4.4 - £X (5.7-r-^<>^/l/-2- 
^>7***7 , ;W X^/U^V, 4.4 - If X [5.7-7 

- (2-^^-2- -2- *V7***7»;/U X 

2.5-tfX (5.7-7-t- ^>^-;l/-2-^>7* 
30 ^7'J/W f^7xX 2.5-lfX [5- Ca. a - 7/ 
f-;U^>7;l/) -2- -s>7*4=-*7y;H -Wi>, 
2.5-tTX [5.7-7- (2-/^^-2- 7f-;W -2- ^>7 
**^7'J7W -3.4- v7i-/l/f*7x> t 2.5-tiX 
(5-^-^;l/-2- ^>7**^7U;1/) ft7x>, 4.4 

- ex C2-^>7**^7y;b) fcT7x-/k 5-^-^/1/ 

-2- 12- [4- (5-/f7l/-2- ^>7***7'J/W 7x 

fcf-;l/| ^>7**-y-7-;k 2- [2- (4-^ an 
7x-;l/) fef-;H 7"7h (l.2-d)**U-7-/Uftiffl[) 
^>7***7-;U*. 2.2 -( P -7x-U>7fcf-U 
40 > ) . tr X-s > 7^7 7- if^> 7^7 7-;U«, 
2- [2- [4- (2-^>7^S^7'J;W 7i-/H tf- 
;Uf ^>7-f 5 y7-/k 2- [2- (4-Mt;+v7i- 
;U) ^>7-f 5 * , 7-;Uftif«^>7Y5 j^7 

[0 0 2 1 ] 7X*U/U^>'tfV*<b&fti:Lrtt, « 

iitf 89c«h#IIfso373582 t#wiJiB»JcBB>nsnr v>s to 

ftWK^ci:**^**^ *^fWMkLTU, 1.4-tTX 
(2-^^l/Xf-'J/b) ^>4f>, (3-^^;UX 
*U/I/) ^>-e>> 1.4-tfX (4-^ ^l/X^-U/U) ^> 
so -tf>, 7X7 t U;l/^>-tf>, 1.4-ex (2-xt c /UXt^U 
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>. 1.4-lfX i2-/*-/bX*-U;V) -2- >-fe" 
>\ 1.4-lfX t2-/^l/X*'J/l/) -2- x^;U^>Hf> 

[oo2 2] wimw-zriZTO^uwtwi^snT 

X (4-*f-/l/Xf-'J/lO t:-5> r >, 2.5-lfX (4-X*;l/ 

x-/-'J;U) ifv^x 2.5-tfx [2- (1-^7^/10 tf- 

;H lfvv>. 2.5-lfX (4 -/ b*->X*U;U) 

>. z.fi-tTX [2- M-t:7i-;l/) lfx/l/] tfvv>, 

2.:VtfX [2- kfr-;H t!7'/^W 

If 

[00 2:0 *i/)flk. ttffltt,im*88768^iWffl» J P1*IJB 
f-3-231 »70V>ii«Hi:|iH>]*5S *iT i^y^f'Jf < yffll 

WJfO, Z t (i-+7fU>->7fUf-f>, 1.4- 
lf 7 x U > v Uf < >, i ,4-p-f l/7x-l/>y 
/-/"J-r < > v !J.lC).'/> h 7t>y''Y/l/'>7f 'Jf^ 
>. 4.4 - tf.2- 5^-1- 7f^7xr/l/^/H t'7x 
r.;U, -(z,2-S/7xrjH;-;|/) tf7i-/k ft 
if, /AtfCtlC>cOj#9(**, *»¥6-4<)079 1§fc«L « 
IJH^ 6-293778'. J ^SWa'Hw* UTi** v7t; >;m 
(*, «|W S l 4 fi-27!W22**4J1M, "1*6-279323^ 4>«(C IM 
/jiS«lTl^*VffiEX^'J/Mt&«l, MI«^6-107G489 
fc« WIM s l' : 6-92947 ^fctHK BB>K ^ntt^my 
r % /- klfflft* «IW 4*6-206805 '< J »*IC IW^S tlTt > 

*lTl'S+*>*-f NSWtt* ttlW¥4 -96990 
WI;r;J*rCVS-r h77x-/Wyx>|t&^ fJBfl 
f-3-29U5a5ySi«fcl«;A«*lTt^*ft'«3WJ|ft&*. 
5 0 K (A . f-2 -191 G94 ' ; KMC BIS Jtltl^^7 
U t*|)Hf-2-196885«4>«k:Hfl^*nTt^^ 
U U WfBH , l*2-255789»=Kc|»|*$nT^* + 7 
*U>MWfls Wlfll % l'-2 -289670 S3fttfl*|»M*2 -88689 ^ 
4i«iClfll/r;iftTi^7*D^U />,««{*, ttBM*2- 

2ri0292»i4i*i:iM/H ^ iTc *a x* s 

[00 2 4] ilWLFKAJrf, iEflJWaSJrt. il:?L«iStt«>t 
Mi: LTftlJHS ti*7 = XfcdttMi: LTtf, 

ttG8tti£«i&l*tf. 25659 9fc«L »DH¥6-20 

3963SiW«, t#I« f-6 -215874 Pfto«. »ffl|¥7 -145116*9 
iiHL ^'«lf7.224()!2tii^B, 4WB+7-I5747351JML 
ttWlf-8-48656 l|4>«, »l« '1*7-1262261 J4i«, WIW* 
7-l88l30>JiittL t*IW-*P8-40995 WHFP8-4099 
0 *J4i«, flfMM*8-40997 WW5P7-126225**4i 
tH, WIHW-IOWIl^fciL SfflV-7-97355 *4i«lCBB 



N.N.N .N -71^77x^-4,4 -y7;/7x^ 
/k N,N - v7xX;l/-N.N -v? (3-?if /l/7x-/b) - 
4,4 -'>7 = ytf7x-;k 2.2-tfX (4-v-p- hU;U 
7^7x-;b) 7 a n/<>. N.N.N ,K -fh7-p- hU 
;l/-4.4 ^7^kf7x^K tfX U-^-p- hu^y 
^/7x^) 7x^/^^>, N.N - >7x-/l/-N. 
N (4-^ ht->7i-W -4,4 -v7'^y lf7x- 
/l/, N ,N ,N r N -f h77x^M,4 -->7 = /i/7x- 
io /l/X— r;k 4.4 - tTX (y7x-/l/7>/) 

'J7x-;K 4-K.N-v7xX;l/T ^ /- (2-^7x^1/ 
tf-;U) ^>-b - >, 3-/ h^-^-4 -N.Jl-y7x- 5 
/X^;U^>-lf>. «-7x-^*/W^/-;k l.l-h'X 
(4- hU7'^/7xx;V) - v^n'N^V, 

1.1-tfX (4-> f -p-h';r.= /7x-;H -4- 7x-;b 
istwsttzs* tfX (4-y7f;b7^ /-2- ^f-;U7 
xx;M - 7x^M^>, N.N.N- 7 
4- Cx-p- h'J^rS/) -4 - [4 (i/*-p- h'J 
;l/7' ^ /) X^U;U] x^;l/^>, n.n.n .n -rbv7 
20 xx;b-4.4 ->7 ^ /- t: 7 x-/l/N-7x- ;U*;W^!/ 
—/I/, 4,4 - MX [N- (1-+7^M -H- 7xX;U- 7 
^/] lf7xX;U, 4.4 -tfX [N- (1-^7t < -;1/) -N- 
7xx;U- 7^/] p-^-7x^k 4.4 - IfX [N- 
(2-+7f-;W -N- 7xx;l/- 7^/j kf7xx/k 4. 
4 - IfX [N- (3-7-fe-^7f-x/l,) -N- 7x^1/- 7 = 
/] b'7x-/k 1,5-tX [N- Cl--#-7f-;W -N-7x 
x;l/- 7^/] ^"7^U>, 4.4 - tfX [N- C9-7>h 
U fl) -N- 7x-/k 7=/] k"7x^k 4 .4 -kfX 
[N- (1-7>K I J;1/) -N- 7xx;l/- 7^/] p-^~7 
30 ix;k 4.4 - IfX [N- C2-7x + >h«JyW -N- 7x 
x;U- 7^/] t:7xx;k 4,4 - t£X [N- (8-7;U^ 
-N- 7x-;k 7 = /] l:7x-/k 4,4 

- ex [N- (2-UTU-/1/) -N- 7xx;U- 7^./) If 7 
x-7k 4.4 - If X [N- (2-^'Jl/-;l/) -N- 7x";L/ 

- 7^/] ^7x-;k 4.4 -tfX [N- (i-na^- 

-N- 7x^1- 7^/] tT7xx;k 2,6-tTX (v 
-p- hU;l7^y) 7"7^U>. 2.6-fcTX [S?- (1-7" 
7^;b) 7^/j ^7^W>. 2.6-tfX [N- (1-^7^ 
fl) -N- (2-+7^W 7 = 7] 7^7 ^U>, 4.4 -kf 
40 X [N,N-v (2-+7f-/W 75/] *-7xx;k 4.4 

- IfX |N-7x^/kN- [4- (1-^7^;W 7x-/V] 
7 5/} lf7x-;k 4.4 - t£X [N-7xx;l/-N- (2- 
fcfUx/U) - 75/] tf7xx;U, 2.6-tTX [H.H-^ 

(2-+7f-/W 7 5/] 7;l/*U>, 4.4 - tfX CM. 
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